Abstract. The 7 and 15 µm observations of selected fields in the Galactic Plane obtained with ISOCAM during the ISOGAL program offer an unique possibility to search for previously unknown YSOs, undetected by IRAS because of lower sensitivity or confusion problems. In a previous paper (Felli et al. 2000) we established criteria of general validity to select YSOs from the much larger population of Post Main Sequence (Post-MS) stars present in the ISOGAL fields by comparing radio and IR observations of five fields located at l∼+45
Introduction
The first steps of star formation are the pre-stellar and proto-stellar phases, corresponding to the fragmentation and the gravitational collapse of a dense core in a molecular cloud, before a formed star appears. The IR spectrum of pre-and proto-stellar cloud cores originates from a very cool dust envelope, and they are observed in absorption against the diffuse background at 7 and 15 µm (Molinari et al. 1998 , Bacmann et al. 2000 . Some of the infrared dark clouds detected by the ISOGAL and MSX surveys may indeed be the same type of objects (Pérault et al. 1996; Carey et al. 1998 ).
Send offprint requests to: L. Testi, lt@arcetri.astro.it ⋆ This is paper no. 11 in a refereed journal based on data from the ISOGAL project ⋆⋆ Based on observations with ISO, an ESA project with instruments funded by ESA Member States (especially the PI countries: France, Germany, the Netherlands and the United Kingdom) and with the participation of ISAS and NASA ⋆⋆⋆ Table 3 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ The next step is commonly referred to as Young Stellar Object (YSO), to indicate the phase when the formed star is deeply embedded in a thick dusty envelope, or when it is hidden by an optically thick disk, remnants of the molecular cloud from which it was formed. This envelope or disk absorbs all the stellar radiation, making the YSO undetectable in the visible range, and re-emits in the IR, thus making it shine as a bright IR source.
YSOs may have widely different luminosities and masses, ranging from a fraction of a solar mass to 100 solar masses. The YSOs associated with the earliest spectral type stars (earlier than B3) can be searched both in the radio continuum, where the ionised gas of the Ultra Compact HII region (UC HII) produces free-free emission, and in the Middle and Far IR (MIR and FIR, respectively) , where the dust emits. Very bright UC HII regions have been extensively studied (see e.g. Churchwell 1991 for a review) and models have been developed to explain the Spectral Energy Distribution (SED) and the spatial morphology of the emission at different wavelengths (Scoville & Kwan 1976 , Rowan-Robinson 1980 , Churchwell et al. 1990 , Ivezić & Elitzur 1997 , Faison et al. 1998 , Miroshnichenko et al. 1999 , Feldt et al. 1999 .
YSOs associated with later spectral type stars (later than B3) can only be detected in the FIR (and sub-mm) thanks to dust emission, as the radio emission decreases sharply since the star doesn't supply enough Lyman continuum photons. When the YSO becomes visible in the optical range, with a luminosity in the range ∼10 to 10 3 L ⊙ , it is called Herbig Ae/Be star. The IR excess comes from a disk, an envelope or a combination of the two (see e.g. Berrilli et al. 1992 , Hillenbrand et al. 1992 , Pezzuto et al. 1997 . At lower luminosity (of the order of one L ⊙ ) an evolutionary track is now well established, going from Class I objects, with considerable IR emission, to class II, when a T Tauri star becomes visible in the optical range but is still surrounded by a disk, and finally to class III when the stellar photosphere becomes visible (André et al. 1993; Lada & Wilking 1984; Lada 1987; Lada 1999 and Natta 1999 for recent review papers).
Finally, YSOs with masses in the brown dwarf range have now been detected in the MIR (Olofsson et al. 1999; Persi et al. 2000; Comerón et al. 2000) . The IR properties of these objects are similar to those of more massive YSOs, suggesting that also in these cases the MIR emission is produced by a circumstellar disk (Natta & Testi 2001 , Testi et al. 2002 . Indeed, even though the spread of luminosities is very large, all these types of YSOs show rather similar SEDs in the IR range, because both the emission mechanism (re-radiation at lower temperature of the stellar emission absorbed by the dust) and the geometry of the dust components are similar. Thus the colours depend mainly on the overall optical depth in the dust but not on the stellar luminosity (Ivezić & Elitzur 1997) . In particular, the systematic study of nearby star forming regions in the frame of the ISOCAM guaranteed time program (Nordh et al. 1996 , Bontemps et al. 2001 and references therein) have shown that, especially for low mass YSOs, there is a clear cut between dusty YSOs of class I and II and the young stars without much dust (class III) at Log 10 [S 15 /S 7 ] = -0.2, i.e. [7] -[15] = 1.1.
The ISOCAM observations of the Galactic Plane carried out during the ISOGAL program offer an unique opportunity for an unbiased search of YSOs. However, their identification requires to be able to separate them from the much larger population of Post-MS stars in the Galactic Plane, which also have some IR excess due to dust in a circumstellar envelope produced by mass loss, but are in an entirely different evolutionary stage.
In a previous work (Felli et al. 2000, hereafter Paper II) a comparison between Very Large Array 3.6 and 6 cm radio continuum observations (Testi et al. 1999 , hereafter Paper I) and ISOGAL observations of five Galactic fields at l ∼ +45
• , in the two broad band filters LW2 (5.5-8.5 µm) and LW3 (12-18 µm) was used to establish general criteria that allow the identification of YSOs. These criteria were then used to extract the YSOs from the preliminary lists of ISOGAL sources in those fields.
In the present paper we extend the comparison between UC HII regions (or massive YSOs) identified in the radio continuum and ISOGAL observations to a much larger region of the Galactic Plane covered uniformly with the Very Large Array at 6 cm by the BWHZ survey (Becker et al. 1994) . The much larger sample of radioidentified YSOs allows a better refinement of the identification criteria. In Section 6 the revised criteria are then used to extract the YSOs from the ISOGAL Point Source Catalogue (Omont et al. in preparation, Schuller et al. in preparation) . Finally, the galactic distribution and global properties of this sample are briefly discussed.
The ISOGAL Catalogue

The ISOGAL Data
The ISOGAL survey (Omont et al. in preparation) is a large set of Mid-IR images, which have been observed with the ISOCAM camera on board the European satellite ISO, using filters centred at 7 µm (LW2, LW5 and LW6) and 15 µm (LW3 and LW9), with a pixel scale of usually 6 ′′ and sometimes 3
′′ field of view. The spatial resolution of the ISO satellite was ∼3 ′′ at 7 µm and ∼6 ′′ at 15 µm. In total, more than 15 square degrees of sky have been mapped, mostly in the Galactic disk, with galactic latitude in the ±1
• range. A few fields at high galactic latitude were also included in the survey. Since we don't expect many YSOs in these regions far from the Galactic Plane, they will be used in the present analysis mainly as checks of the results on identification of YSOs in the Galactic Plane.
A point spread function (PSF) fitting algorithm has been used to extract the sources from the images (see the ISOGAL Explanatory Supplement, Schuller et al. in preparation for details on the used procedures and on the quality checks that have been achieved). Crowding and blending effects can become significant and result in misleading photometry for relatively faint sources in fields with high source density, therefore strong photometric cuts have been applied to the initial catalogue of extracted sources, primarily based on the results of artificial stars simulations (see Schuller et al. in preparation) . Then, a cross-identification between 7 µm and 15 µm positions has been done using a correlation radius of two pixels, to avoid missing identifications for slightly extended sources, as can be the case for strong YSOs, for which the 7 µm and 15 µm ISOGAL positions may refer to different peaks.
The internal consistency of the photometry is guaranteed by the use of a fixed PSF to extract all the sources with a given observational setup (filter and pixel size), and an absolute flux density calibration has then been performed by comparing the extracted fluxes with the predicted ones (M. Cohen, private communication) for four stars in the Hipparcos catalogue with known spectral types and luminosities, and by comparison between the ISOGAL and MSX (Price et al. 2001) magnitudes for a large number of point sources. As a result, the photometry should not be biased by more than 0.1 magnitude, except maybe 0.2 magnitude for the faintest sources in the catalogue, with a typical standard deviation of 0.15-0.2 magnitude, and the completeness level should remain above 50% down to the used limit magnitudes (see Section 2.4.3 and Schuller et al. in preparation for details). This limit ranges from magnitude 8.2 near the Galactic Centre to 10.1 in low-density fields at 7 µm, and from 7.0 to 8.8 at 15 µm. The corresponding limit flux densities, using the zero point fluxes as reported in Paper II, range from 6 mJy to 28 mJy at 15 µm, and from 8 mJy to 35 mJy at 7 µm, where the effects of crowding are more severe.
The total area covered by ISOGAL is divided into three types of fields: 1) fields of type A observed only at 7 µm, 2) fields of type B observed only at 15 µm, 3) fields of type C observed at 7 and 15 µm; only in this case a non-detection in either band can be used as an upper limit, with the exception of extended sources as explained in Section 2.3. The area covered only at 7 (2.1 deg 2 ) or only at 15 µm (2.7 deg 2 ) is non-negligible with respect to that covered at both wavelengths (10.7 deg 2 ). In the A and B fields the [7] -[15] colour criterion cannot be used. Considering that only the reddest sources are good YSO candidates, we will retain only the C fields where the red and bright at 15 µm sources might be YSOs in our analysis. The regions of the Galactic Plane covered by ISOGAL are located in a randomly sampled strip with latitude extension of about ± 1
• and extending from l = -60
• to l = 140
• . The distribution in galactic coordinates of the observed fields of type C is shown in Fig. 1. 
The DENIS Data
The sources in the δ ≤+2
• range have also been associated with the DENIS database (Epchtein et al. 1994 ) with a search radius roughly equal to one ISOCAM pixel. The DENIS source density has been limited by cuts based on the K s magnitudes, in order to limit the fraction of spurious associations to a few percents. Most of the DENIS data come from special dedicated DENIS observations, for which the source extraction has been performed by the ISOGAL team at Observatoire de Paris (G. Simon, private communication), and the astrometry has been matched with the USNO-A2.0 catalogue, which has an accuracy of typically 0.25" (Stone et al. 1999) . As the internal astrometric accuracy of the DENIS catalogue is better than 0.5" (Epchtein et al. 1999) , the resulting uncertainty of the DENIS positions should be at most 0.7". For the ISOGAL fields within the DENIS coverage, the midinfrared astrometry has been tied to the more accurate near infrared survey. Nevertheless, the cross-identification between ISOGAL and DENIS sources has shown that the offset between the two databases can reach 10 ′′ , mainly due to the uncertainty in the position of the filter wheel in ISOCAM, so that the astrometric uncertainty in fields without DENIS counterpart (in galactic coordinates, this corresponds roughly to l≥+35
• ) can reach this value. The associations with DENIS data may also be limited for the brightest sources, because of saturation problems, which occurs at K≈6. Such strong sources could not be properly extracted and included in the DENIS catalogue.
Intrinsic limitation of the ISOGAL-PSC
One basic limitation to the list of YSO candidates that we shall present comes from the ISOCAM observations themselves: in order to avoid saturation effects, the ISOGAL fields were designed to exclude strong IRAS sources. No IRAS source with F 12µm ≥ 6 Jy should be present in the ISOGAL fields observed with broad band filters LW2 and LW3 (however, such a condition has been relaxed in a few regions of star formation and in the vicinity of the Galactic Centre, observed with the narrower band filters: LW5, LW6 and LW9). Consequently, the input lists will contain only sources with relatively low flux densities, not accessible by IRAS, namely from the ∼ 10 mJy limit of the ISOGAL data at 15 µm to the upper limit quoted above, and only a few brighter sources (up to 35 Jy at 15 µm) in the ISOGAL fields which were observed with narrow filters.
Another intrinsic limitation of the PSC is that by definition it contains only point sources and sources with small extension, while YSOs might also be significantly extended, as it will be discussed in Section 4.2 and 4.3 from the inspection of ISOGAL images of radio identified YSOs. This may introduce an error on the 7 and 15 µm flux densities of extended YSOs, and aperture photometry on slightly extended sources has shown that the PSF extracted magnitude can be underestimated by about one magnitude. Moreover, sources that cannot be properly modelled with an unresolved component (i.e. extended sources) are rejected by the source extraction algorithm and don't appear in the PSC.
Differences in the ISOGAL data used in Paper II
In this section we want to stress the main differences in the ISOGAL PSC with respect to the preliminary version that we used in Paper II. Two main improvements have been achieved, concerning the photometric calibration and the reliability of the sources, which is related to the applied photometric and geometric cuts.
Photometric calibration
A careful analysis of the biases in the extracted fluxes, mainly due to a non complete stabilisation of the signal because of short integration times, and to an incomplete recovery of the flux density inherent to PSF fitting procedures, as well as an absolute calibration with standard stars and with other MIR surveys resulted in a correction of all extracted magnitudes by a constant -0.45 magnitude offset (see Schuller et al. in preparation) . This means that the colour criterion that we derived in Paper II is still relevant, but the magnitudes from the present ISOGAL PSC are 0.45 mag brighter than in the preliminary version. As we also decided to limit our analysis to bright YSO candidates, in order to reduce the contamination of our sample by evolved stars, we will derive new criteria based on the [7]-[15] colour and on the 15 µm magnitude, the latter one being not directly comparable with the results of Paper II.
Geometric cuts
The ISO observed rasters have saw-tooth shaped edges due to the different orientations of the raster (along the galactic axis) and of the individual ISOCAM images (aligned with the satellite axis, which match the equatorial referential). Additionally, the 7 and 15 µm observations of a given field do not perfectly match. Moreover, the source extraction procedure cannot work properly for a source too close to the edge of the image, because it needs a frame of pixels at least as large as the PSF representation. Therefore, conservative limits have been derived for each field, given the constraints that the retained area must be completely observed and at least at 2 pixels from the edges at both wavelengths, and should be rectangular regions aligned along the galactic coordinates. The public version of the ISOGAL PSC contains all the sources inside and outside these limits, but as the colour criterion cannot be trustfully applied in the outside region, we will limit our analysis to the formal field limits.
Photometric cuts
The other drastic difference in the ISOGAL PSC comes from the results of artificial source simulations (details can be read in Schuller et al. in preparation) whose purpose was to limit the published catalogue to reliable sources (this means, to discard spurious sources and sources with too much biased photometry) and to provide a catalogue about 50% complete down to its faint end. The net result is that about 25% of the extracted sources have been discarded from the catalogues before the cross identification between 7 and 15 µm took place, this fraction being highly dependent on the source density in the field and ranging between zero and almost 50%.
3. The BWHZ sample and its FIR properties 3.1. The 6 cm BWHZ Galactic Plane radio survey BWHZ observed the inner Galaxy (|b| < 0.4
• , l = 350
• -40
• ) at 5 GHz with the VLA down to a limiting sensitivity of 2.5 mJy and with an angular resolution of ∼4 ′′ . Extended structures (greater than 100 ′′ ) were filtered out by the instrument and reduction procedure. The same region had also been observed at 1.4 GHz by Zoonematkermani et al. 1990 , White, Becker & Helfand 1991 and Helfand et al. 1992 with a maximum angular resolution of 5 ′′ . The 5 GHz survey resulted in a catalogue of 1272 small diameter discrete sources of which ∼450 were tentatively classified as UC HII regions using different classification criteria.
The largest and most reliable number of identifications are 291 radio sources matching 246 IRAS sources with UC HII regions colours (Wood & Churchwell 1989 , hereafter WC89) plus 17 radio-IR matches with similar colours, slightly outside the formal survey boundaries, for a total of 308 small diameter radio sources (and 263 IRAS sources). The strict WC89 colour-colour criteria were used for "secure" identification (Log 10 (F 60µm /F 12µm ) ≥ 1.3 and Log 10 (F 25µm /F 12µm ) ≥ 0.57) and slightly larger criteria for "candidate" HII regions (Log 10 (F 60µm /F 12µm ) ≥ 1.05 and Log 10 (F 25µm /F 12µm ) ≥ 0.25). Also sources that satisfy the WC89 colour-colour criteria as well as that for planetary nebulae but have F 60µm ≥ 60 Jy (or F 60µm ≥ Fig. 2 . [60, 12] vs. [25, 12] (top) and [60, 25] vs. [25, 12] (bottom) FIR colour-colour diagrams of all the IRAS sources associated with radio sources in BWHZ. Circles represent sources classified as UC HII or candidate UC HII, triangles PNe or candidate PNe, diamonds are unclassified or ambiguous sources, crosses are low-probability association sources (see BWHZ for association and classification criteria); filled symbols are sources with good fluxes in all three IRAS bands, open symbols have upper limits in at least one band. In both diagrams: [λ i ,λ j ]=Log 10 (F λi /F λj ). In the top diagram, the full line box defines the boundaries of UC HII regions proposed by WC89, the dotted box defines the relaxed colour criteria used to classify candidate UC HII (see text). In the bottom diagram the three labelled boxes define the regions of the colour-colour plane occupied by OH-IR stars, Planetary Nebulae and HII regions (Eder et al. 1988; Pottasch et al. 1988) 100 Jy using the "candidate" criteria) were classified as UC HII regions. The situation is summarised in Fig Most of the 263 IRAS sources (74%) are in the WC89 box, a consistent fraction (18%) in the "candidate" region and a minor fraction (8%) outside. In this last case all sources have at least an upper limit in one IRAS band. However, we note that only 159 IRAS sources of the BWHZ sample fully satisfy the WC89 criteria, i.e. no upper limits at 25 and 60 µm and colours within the WC89 box.
The fact that more than one compact radio component is associated with a single IRAS source is not a new finding. HII regions are usually very structured and often have several small diameter components all clustered in an area of few tens of arcsec, i.e. well within the resolution of the IRAS beam. In some cases they are indeed independent HII regions and in VLA radio surveys of HII regions Churchwell 1989 and Kurtz, Churchwell & Wood 1994 ) the percentage of irregular or multiplepeaked sources is ∼ 18%, in very good agreement with the present situation: (308 -263)/263 = 17%.
Two other criteria are used by BWHZ to reach the ∼450 putable HII regions: the radio spectral index and the galactic latitude distribution. There are 84 sources which were observed both at 5 and 1.4 GHz and which have a thermal spectral index but do not have an IRAS counterpart (out of 220 detected at both wavelengths and with a thermal spectral index). Their galactic latitude distribution peaks toward the Galactic Plane and further supports their Galactic nature.
Finally, the galactic latitude distribution of all the remaining unidentified radio sources (i.e. without an IRAS counterpart or with no spectral index information) still shows a clear excess toward the Galactic Plane and cannot be background extragalactic sources. This leads to an estimated ∼90 additional thermal Galactic sources, which however cannot be identified individually with only the BWHZ observations.
Relation F radio -F F IR
In the present section we examine the expected relation between radio and MIR flux densities for UC HII regions, both from observations and theory. This relationship will be needed in the following as an additional tool to discriminate between late type stars and YSO candidates in the ISOGAL PSC. For this purpose we shall use the 263 IRAS sources in the BWHZ list of UC HII regions. When more than one radio component is associated with the same IRAS source, we simply added up the radio flux densities. Fig. 3 shows F 5GHz versus F F IR for the 263 IRAS selected UC HII regions of the BWHZ sample. The spread of the points is very large and comes from the fact that we are mixing stars of different spectral types, but a general correlation between the two fluxes can be noted. In two plots, the 12 µm and 100 µm, a clear deviation from a linear correlation can also be noted. In Table 1 we give the mean value at each IRAS band of the FIR over the radio emission (both in Jy), which shows a very rapid in- crease with wavelength up to a maximum at 100 µm (more than four orders of magnitude). The linear interpolation at 15 µm indicates that F 15µm is about two orders of magnitude greater than F 5GHz . A similar value was derived by Churchwell et al. 1990 from a model fit of the SED of G5.89-0.39, a dust cocoon surrounding an O6 ZAMS star. While this flux ratio is amply compensated by the lower sensitivity of IRAS with respect to radio surveys, with ISO, which has a sensitivity comparable to that of radio surveys, we should be able to observe many YSOs which are undetected in the radio. The radio emission from a spherical, homogeneous, optically thin HII region is proportional to the stellar ionising photon flux N L . At 5 GHz, assuming an electron temperature of 10 4 K, we have:
where ξ is the fraction of N L that goes into ionization of the gas (in an ionization bounded dusty HII region (1 -ξ)N L photons are absorbed by dust), and D is the distance. According to WC89, ξ is, on the average, very small, about 16% for a sub-sample of 19 sources for which ξ was estimated. Such a small value of ξ is explained by WC89 as an evolutionary effect, i.e. the sample selects preferentially young HII regions ionised by stars with very early spectral type. In fact, dust absorption in the Lyman continuum increases with electron density (hence with youth of the region) and is stronger for earlier spectral type stars (see e.g Figure 2 of Felli 1979 ). However, a more simple alternative solution for such small values of ξ could be the result of missing radio flux density, i.e. that of extended envelopes surrounding the more compact structures, which are filtered out in the interferometric observations. This is probably the most plausible explanation, as also pointed out by Kim and Koo (2001) from a comparison of radio flux densities of UC HII regions obtained with high and low resolution. For our purposes we shall use ξ = 1.
The FIR emission is proportional to the total stellar luminosity L. In order to derive the constant of proportionality between F F IR and L we use the mean value of the ratio L/(F F IR D
2 ) for the sources of the WC89 sample that do not have upper limits in the IRAS bands. The values of L/(F F IR D 2 ) in the four IRAS bands are given in Table 2 
at 15 µm.
The expected values of F 5GHz and F F IR for UC HII regions ionised by single stars of different spectral type Table 1 are also shown. Open squares represent good IRAS detections, filled triangles sources with an upper limit. (Walsh et al. 2001 ) and the relationships between F 5GHz and F F IR are slightly different.
In Fig. 3 we show for the four IRAS bands the expected relation between the 5 GHz flux density and the FIR flux for single stars, overlaid on the observed points for the BWHZ sample. The match with the observations is satisfactory. The three curves are for Log(D 2 /kpc 2 ) = 0, 1 and 2 from top to bottom. The lower curve (10 kpc) delimits well the lower distribution of points, an effect due to a combination of the edge of our galaxy and the sensitivity limits of radio observations. In the single-star approximation, points above the upper curve should be closer than 1 kpc.
It is clear from this figure that the observed spread of points and the shape of the correlation are due to a combination of different distances, which moves the points along the bottom-left top-right diagonal, and of the presence of stars of different spectral type and luminosity, which moves the points along the drawn lines. These lines become steeper and closer to the diagonal, and hence the two effect are indistinguishable for very early spectral types (earlier than O7).
ISOGAL counterparts to BWHZ sources
In this section we will use the comparison of the ISOGAL-PSC data with the radio continuum 5 GHz survey of BWHZ to check the criteria developed in papers I and II to separate in the ISOGAL-PSC the YSOs from the much larger population of Post-MS stars. The comparison with the radio survey will allow to refine the criteria to select relatively luminous YSOs, those capable to ionise the surrounding material, and to produce a detectable radio continuum flux.
The design of the Galactic Plane coverage in the BWHZ and ISOGAL surveys were bound to very different instrumental and scientific constraints. The radio survey was aimed at the complete, and uniform coverage of a large longitude and narrow latitude range of the portion of the inner Galactic Plane visible from the Very Large Array, with the aim of detecting a complete sample of young massive stars, through the radio continuum emission of the surrounding ionised gas. As a byproduct, a significant number of planetary nebulae, supernova remnant and a minor fraction of radio stars and background radio sources were detected. The ISOGAL survey was mainly designed to study the galactic distribution and properties of late type, Post-MS stars, exploring a large longitude range, but with non-continuous, non-uniform and uneven sampling of the plane. Additionally, saturation limits of the ISO detectors forced to systematically avoid bright MIR sources (see Sect. 2.3). The different area coverage of the two surveys is exemplified in Figure 1 . A comparison of the two samples should check that no bias is introduced by the different sampling, except for the obvious note that bright sources will be absent from the ISOGAL dataset.
BWHZ sources within ISOGAL fields
Of the 1272 sources in the BWHZ sample 138 fall within the boundaries of the ISOGAL fields considered in this paper (see Sect. 2). Most of these radio sources are unclassified, except for 3 supernova remnants (SNR) or candidate SNR, 34 sources with a high probability of being associated with IRAS sources, and 4 additional lower probability IRAS associations (BWHZ). Most (29) of the sources associated with IRAS sources are classified as UC HII or candidates UC HII by BWHZ, one is a planetary nebula (PN) and only 4 could not be classified. Among the radio sources not associated with IRAS counterparts (hence unclassified), the majority is expected to be UC HII without far infrared counterpart due to the incompleteness of the IRAS-PSC in the Galactic Plane (BWHZ). Following the discussion of BWHZ and the survey of Fomalont et al. (1991) at the sensitivity limits of the radio survey we expect a contamination of background extragalactic radio sources of ∼23%, and 1-2% of unclassified non-UC HII Galactic objects (radio stars, pulsars, planetary nebulae, etc.). Thus, among the 138 radio sources within ISOGAL fields, ∼35 of the 100 that are unclassified are not expected to be YSOs (UC HII regions).
In Figure 4 we show the IRAS colour-colour plots of the IRAS sources associated to BWHZ sources and within the ISOGAL fields. Here we just point out that it appears an unbiased random subsample of the total shown in Figure 2 . The numbers of sources in the various classes are not significantly different from what expected by scaling the original sample to the area in common between the two surveys.
Comparison of BWHZ sources with the ISOGAL PSC
In order to identify possible mid-infrared counterparts of the BWHZ sources, we decided to use the criterion of positional coincidence. Given the large number densities of ISOGAL sources, especially in the inner regions of the Galaxy, the result of this correlation and the reliability of the radio-ISOGAL source association, or, alternatively, the number of spurious associations is expected to be a strong function of the tolerance in the positional coincidence. The approach we decided to follow is to define a tolerance, or searching radius, based on the characteristics of the radio sources we are interested in, UC HII and candidates, which also constitute the vast majority of the radio sample. Formal positional uncertainties in the radio and ISOGAL source lists are rather small, generally less than 2 ′′ , however, source physical properties, rather than positional uncertainties need to be used to set the association criteria. UC HII regions in the 5 GHz sample are generally extended (see BWHZ), with typical sizes up to 15
′′ . Moreover, the radio continuum and MIR observations of UC HII regions are not expected to trace exactly the same material, the latter being sensitive to the YSOs circumstellar dust as opposed to the ionised gas of the former. The comparison of near infrared and radio continuum studies of compact HII regions has shown that at the resolution of a few arcsec the radio continuum and infrared peaks may be separated by several arcseconds (Testi et al. 1995; Watson et al. 1997; Feldt et al. 1998; Walsh et al. 1999; . For these reasons we decided to use a rather large association distance (15 ′′ ) and to check the reliability of the associations by comparing the properties of the real BWHZ/ISOGAL-PSC matches with the results of extensive random simulations.
The details of the random samples realizations and analysis are discussed in Appendix A. The main results of this analysis are that, with the association radius we adopted, we could expect a fraction of false associations that can be up to ∼ 50%. This probability, however is a strong function of not only the association distance, but also of the mid-infrared brightness and colour of the associated sources. In practice the vast majority of the "real" radio sources are found to be associated with sources that have mid-infrared properties clearly different from those of ISOGAL sources associated to the random samples. More quantitatively, only a relatively small fraction (∼ 19%) of the ISOGAL sources that we have associated with BWHZ sources do not meet at least one of the high reliability criteria discussed in Appendix A.
Of the 138 BWHZ sources within ISOGAL fields 96 can be associated with ISOGAL-PSC sources within the adopted association distance. Of the classified radio sources 26 out of the 29 UC HII regions (or candidate) and the only PN in the sample are associated with an ISOGAL source. None of the radio sources classified as SNR is found to be associated with an ISOGAL point source. In Figure 5a ′′ are marked with a cross. We note that the filled source in the lower-left of Figure 5a has also IRAS colours well outside the WC89 box, its classification as candidate UC HII (BWHZ) is rather dubious.
In Figures 5b and 5c we also show the colourmagnitude diagram of all the ISOGAL sources within the BWHZ survey region and of all ISOGAL sources with |b| ≥ 3
• (excluding those in the Magellanic Cloud). The high latitude fields were chosen because we do not expect that they contain a significant number of young stellar objects (if any at all). In the figure we also show the lines defining the criteria devised in Paper II to select YSO candidates (dashed lines) as well as the revised criteria that we will adopt in this paper (see Sect. 5).
With respect to Paper II, an important additional constraint that is available with the public version of the ISOGAL catalogue is the near infrared photometry from the DENIS survey (Epchtein et al. 1994) , for all ISOGAL fields in the southern hemisphere (see Sect. 2.2). In Figure 6a we show the (K- [7] , [7] ) colour-magnitude diagram for all the ISOGAL sources with good detections at K and [7] , and associated with BWHZ sources. The symbols have the same meaning as in Figure 5a , the PN does not have a DENIS counterpart, even if it is within the fields with DENIS data, so the triangle is missing from the figure. Sources with upper limit at K (including the PN) are shown with arrows. In Figures 6b and 6c we show similar diagrams for all the ISOGAL sources within the BWHZ survey area and all the high latitude ISOGAL fields (excluding the Magellanic Cloud).
As shown by the comparison between Figure 5a and Figures 5b, 5c, the radio selected UC HII fall preferentially in the top-right part of the ([7]-[15] , [15] ) plane and form a subsample of ISOGAL sources with distinctly different colour-magnitude properties with respect to the much larger population of Post-MS stars, which are overwhelmingly concentrated in the lower-left region of the plane. As a countercheck, in the high latitude fields (Figure 5c ), where no UC HII are expected, almost all ISOGAL sources are located in the lower-left part of the plot. Sources marked with crosses in Fig.5a , which, as discussed in the Appendix, have a lower probability of being true radio-ISOGAL associations, populate uniformly the colour-magnitude diagram, supporting the hypothesis that a good fraction of these sources are not UC HII. Similar conclusions can be drawn from a comparison between Figure 6a and Figures 6b and 6c . Also in the (K- [7] , [7] ) colour-magnitude plot, the well identified UC HII populate a distinct part of the plot with respect to most of the ISOGAL sources.
As an additional check on the reliability of the UC HII region nature of the ISOGAL sources associated with BWHZ sources, we can check whether the [15] magnitudes are consistent with those predicted for UC HII of a given radio flux. In Figure 7 we show the radio flux-[15] relation for the BWHZ sources associated with ISOGAL sources with good 15 µm detections. In the same figure we also show the expected relation for optically thin, spherical and homogeneous UC HII, derived in Sect. 3.2. The theoretical expectation is shown for several distances ranging from 1 (dotted) to 30 kpc (solid). The vast majority of BWHZ radio sources classified as UC HII or candidate UC HII (black circles in Figure 7 ) are in good agreement with model predictions, as opposite to the unclassified radio sources associated with faint ISOGAL sources which fall well below the 15 µm brightness expected for UC HII. These sources would be consistent with the models assuming large extinction values (exceeding 150 mags in the visual), which are not unreasonable for star forming regions, but would imply [7] -[15] colours much larger than observed (see Figure 5b) . We believe that in most of these cases either the radio source is not an UC HII or the ISOGAL source associated with the radio source is not physically related with it (i.e. is a spurious association). In sect. 4.1 we estimated that ∼35 of the BWHZ radio sources are not YSOs, thus it is not surprising that a fraction of ISOGAL sources associated with BWHZ sources show infrared properties inconsistent with those expected for YSOs. These sources should be disregarded when defining the selection criteria to identify YSO candidates in the ISOGAL database.
MIR morphology of UC HII
In Figure 8 and 9 we show the 15 µm images of the UC HII and candidate UC HII (BWHZ) with (26 sources) and without (3 sources) an associated ISOGAL-PSC source. In each panel the cross marks the position of the radio peak (from BWHZ). Almost always the 15 µm image reveals a slightly extended nebulosity, in agreement with the resolved radio structure of the UC HII regions.
As discussed earlier, the slightly extended MIR and radio structure of the YSOs amply justifies the choice of a relatively large association distance. In Figure 10 we show, for the 26 UC HII regions associated with an ISOGAL source, the distance between the radio and MIR positions as a function of the radio size. Radio sources with large diameter all have larger association distances compared with the small diameter sources. In Figure 11 , the 15 µm flux density of the 26 UC HII are compared with those at 12 µm from IRAS. There is a generally good correlation between the two values, but, on the average, the 15 µm flux densities are smaller than the 12 µm ones. This effect could be produced by nearby point sources, unresolved in the IRAS beam, and/or by the extended nature of the YSO, that could be partly filtered out by the ISOGAL point source reconstruction routines.
The selection criteria
In Section 4 and Appendix A we have shown that radio-IRAS selected UC HII and candidate UC HII regions are reliably associated with a class of ISOGAL sources that occupy a well defined region of the ([7]-[15] , [15] ) and (K- Fig. 8 . ISOGAL 15 µm maps of the fields surrounding the 26 BWHZ UC HII regions associated with an ISOGAL point source. The top left field contains two radio sources, which are associated to the same ISOGAL source. The crosses mark the positions of the radio peaks. Each chart is 3 ′ × 3 ′ and it is centred on the ISOGAL source associated with the radio source(s). On top of each panel are reported the names of the radio source(s) and ISOGAL source. Figure 8 , but for the 3 UC HII regions not detected at either 7 or 15 µm. The charts are centred on the radio peak position.
[7], [7] ) colour magnitude diagrams. This in itself does not guarantee that all ISOGAL sources with the same colourmagnitude characteristics are YSOs. In Paper II, also using the results from Paper I and from Testi et al. (1997) Figure 5 is expected to suffer by a very low contamination from Post-MS stars. Unfortunately, if we wish to extract a list of YSO candidates from the entire ISOGAL database, the criteria developed in Paper II will have to be revised. Compared to the l=+45
• field discussed in our previous studies, the ISOGAL fields close to the Galactic Centre are affected by a much larger line-of-sight extinction, which has the effect of moving sources toward fainter [15] magnitudes and slightly larger [7]-[15] colours (see the extinction vector shown in Fig. 5b) , with the net effect of contaminating the region expected to be occupied by low flux density YSOs with heavily reddened Post-MS stars. For this reason we decided to restrict the search for YSOs only to the high flux density sources, i.e sources with [15]≤4.5 mag (S 15 ≥ 330 mJy) and [7] -[15]≥ 1.8. Let us stress that such ISOGAL sources are much more luminous than all YSOs studied by the ISOCAM Team group in nearby star forming regions. For instance, a source with S 15 ≥ 330 mJy, even at the moderate distance for ISOGAL of 1.6 kpc, is more luminous than all sources detected with ISOCAM in ρ Oph (d=160 pc) by Bontemps et al. (2001) .
For the fields with DENIS observations it is possible to use the near infrared magnitudes to add confidence to the identification of the sources as probable YSOs. As shown in Testi et al. (1997) Figure 5a ). Since most of the K-band sources associated with radio sources are probably fake associations (see Appendix A), and even for reliable associations the interpretation of the near-infrared data is complicated by the effect of extinction, we will not use the constraint based on DENIS data to select the YSO candidates. In the final YSO candidates table (Table 3) we will report whether the field has been observed at K and if the source has a K- [7] colour exceeding 4 and [7] <6. The flag S D is set equal to "1" for sources satisfying these ISOGAL-DENIS confidence criteria, to "0" for sources not satisfying the criteria, and to "-1" for sources within fields not covered by the DENIS survey. Since bright, saturated stars cannot be extracted from the DENIS survey (see also Sect. 2.2), we have checked the original DENIS images for all the ISOGAL sources with [7] <6 without a DENIS counterpart in the catalogue. Indeed, for seven sources we either found a very bright, saturated counterpart (in 4 cases) or an extended near infrared source (3 cases). For these peculiar sources, in Table 3 instead of the DENIS magnitudes we report an "S" (for saturated sources) or an "E" (for extended sources).
To check the reliability of the selection criteria and the contamination from non-YSOs, we compare with the colours of sources in the high galactic latitude fields and with the near-infrared spectroscopic survey of Schultheis et al. (2002) . In high galactic latitude fields, we only find one object falling in the candidate selection boxes. Since in these fields we do not expect to find a significant number of luminous YSOs, but we still expect late type Post-MS stars, they provide indirect evidence that the number of evolved stars selected by our criteria should be small. This is also confirmed by recent near-infrared spectroscopic observations of ISOGAL YSO candidates toward the inner regions of the Galaxy by Schultheis et al. 2002 , who found strong contamination from Post-MS stars at faint [15] magnitudes and bright K magnitude, but not within our revised selection boxes shown in Figures 5 and 6 . However, these spectroscopic observations did not address the reddest OH/IR stars which contaminate the YSO box, as discussed in Section 6.1.
The selection criteria have been defined to avoid as much as possible the contamination from Post-MS stars. This necessary requirement has important implications on the efficiency of the selection criteria. As shown in Figure 5 a non-negligible fraction of the ISOGAL sources associated with radio-BWHZ identified YSOs to the left of the [7] -[15]=1.8 line is rejected from our selection criteria. As discussed in Sect 4.2 a fraction of these are expected to be false associations, especially those with blue colour and high [15] magnitude. Considering as good only the ISOGAL-BWHZ matches with [15]≤4.5 and rejecting only the BWHZ source known to be associated with a PN, our selection criteria reject ∼30% of the bona fide radio selected YSOs.
The region to the right of the dashed line in Figure 5a and below [15]=4.5, which was used in Paper II to select low flux density YSOs in the l=+45 fields, suffers from a contamination of reddened post-MS stars that is too large to allow a reliable identification of YSOs towards the inner regions of the Galactic Plane. For this reason we will not use it for the purpose of this paper. With this choice we loose the low flux-density non-radio emitting YSOs (corresponding to 90% of the YSOs selected in Paper II).
In Paper II we have also included as possible YSOs those sources without detection at 7 µm for which the lower limit to the [7] -[15] colour would select them as YSO candidates. The vast majority of these sources (called "candidate YSOs" in Paper II) had [15]>4.5. To increase the reliability of the identification only sources with good detections at 7 and 15 µm are considered in the present paper.
The catalogue of bright YSO candidates
The selection criteria that we derived in the previous section imply that we will restrict to the bright ([15]≤4.5) YSO candidates. This is necessary to reduce to the minimum the number of spurious Post-MS sources in the catalogue, but implies that we will limit the catalogue to high mass YSO candidates plus a fraction of nearby intermediate mass YSOs.
The catalogue is presented in Table 3 (available only in ) confidence criteria (see Sect. 5), the flag is set to "1" if the source satisfies the criteria, to "0" if it does not satisfy the criteria, or to "-1" if the field is not covered by the DENIS survey.
Contamination from post-MS stars
As noted in section 5 and Appendix A, the colour cutoff [7] -[15]≥1.8 has been introduced to avoid the contamination by the overwhelmingly large population of post-MS stars in the YSO candidates catalogue. Clearly, the sharp cutoff used represent a trade-off between lowcontamination and high-efficiency in selecting YSO candidates. Following the discussion in Glass et al. (1999) and Alard et al. (2001) , all the post-MS stars brighter than our [15] selection threshold are expected to be high masslosing AGB stars (with perhaps a few post-AGB stars). The vast majority of AGB stars in our Galaxy are oxygenrich, and practically all of them are O-rich in the inner Galaxy where are located most of the ISOGAL fields. Most of the reddest and more extincted of these are expected to be OH/IR stars (Pottasch 1993) . Thus, to obtain an evaluation of the contamination from post-MS stars in our YSO candidates catalogue, we can compare our selection criteria against OH/IR stars surveys. We can also use the longer wavelengths information provided by the MSX mission (Price et al. 2001) for the brightest ISOGAL sources.
Two catalogues of OH/IR stars in the central degree around the Galactic Centre are given by Lindqvist et al. 1992 and by Sjouwerman et al. 1998 . In Figure 12a , we show the positions of the ISOGAL associated (with a 9" search radius; Ortiz et al. 2002) open circles) superimposed on the distribution of all ISOGAL sources within the limits of both OH/IR surveys. As can be seen in this figure, nearly one half of the OH/IR stars fall within our YSO candidate selection criteria. Nevertheless, it should be noted that the variability of this kind of stars and the non simultaneity of the 7 µm and 15 µm observations can increase or reduce the observed [7] -[15] colour (for instance, the variability can account for one magnitude in [7]-[15] for the reddest OH/IR sources). As opposite, only 17% of the ISOGAL YSO candidates within the OH/IR stars survey area are associated with an identified OH/IR star. Of course, the OH surveys cannot be complete, and it is known that some post-MS sources with infrared colours similar to OH/IR stars do not display OH emission, so that this fraction is probably underestimated, allowing that 20-25% of the selected YSO candidates are probably very red post-MS stars.
Finally, additional information can be provided by the MSX survey (Price et al. 2001) , which has a sensitivity about 3 magnitudes less deep than ISOGAL, but goes to longer wavelength, with bands D and E, centred at 14.65 and 21.34 µm respectively. A detailed analysis of the MSX counterparts of ISOGAL sources will be the object of a forthcoming paper, but we can already show in Figures 12b and 12c Fig. 5a ), but the expected contamination in the Galactic Centre region would drop to ≤10%.
Global properties of the YSOs for the entire ISOGAL survey
Using our selection criteria, we extracted a total of 715 YSO candidates from the ISOGAL-PSC, corresponding to ∼1% of all entries in the PSC or ∼2% of the sources with good detections at 7 and 15 µm. From our sample of 715 YSO candidates, 525 (73%) have a DENIS K counterparts, and 78 (15%) have K-15>8. Since most K non-detections should have K-15 greater than 6-8 (depending on the exact limiting magnitude for DENIS-ISOGAL association), we can estimate that 30-35% of the YSO candidates have K-15>8. In Figure 13 we show the galactic distribution of the sample of YSO candidates (solid histograms with error bars), selected with the criteria discussed above. The histograms have been corrected for the uneven sampling of the ISOGAL survey (see Sect. 2), i.e. the counts in each latitude or longitude bin have been corrected for the area effectively observed in that bin by ISOGAL. The error bars are poissonian errors on the source counts in each bin corrected for the same area factor. The area covered in each bin ranges from ∼2.8 to 0.02 sq.deg., bins with smaller coverage are set to null values.
In the top panels of Figure 13 , the histograms for the YSO candidates are compared with the distribution of bright ([15]≤4.5) ISOGAL sources with [7] -[15]<1.8 (i.e. rejected from our selection criteria), corrected for the observed area in the same way as the YSOs, and with the distribution of IRAS sources satisfying the WC89 colour criteria for UC HII. The latitude histogram shows that the selected YSO candidates have a distribution highly peaked on the Galactic Plane (as expected for young sources), and very similar to the distribution of IRASselected UC HII regions (grey full histogram). The bright ISOGAL sources rejected by our colour selection criterion (dotted histogram) show a broader latitude distribution, confirming our expectation of a substantial contamination from evolved stars. The longitude distributions show a clear peak of the YSO candidates toward the Galactic Centre, a similar peak is missing in the IRAS-selected UC HII because of confusion problems in the densest regions of the Galaxy. The incompleteness of the IRAS sample of UC HII was also noted by BWHZ.
The bottom panels of Figure 13 show the comparison between the distribution of ISOGAL YSO candidates and the distributions of all the ISOGAL sources (including sources detected only at 7 µm, dotted histogram) and •
of all IRAS-PSC sources on the Galactic Plane that do not satisfy the WC89 criteria for UC HII regions. The comparison shows that while the YSO candidates are highly concentrated on the Galactic Plane and towards the Galactic Centre, the other two samples show a much broader distribution, as expected for evolved objects.
As a word of caution, we wish to stress that the ISOGAL database suffer of potential biases induced by the observational strategy. As already noted above, the survey deliberately avoids bright IRAS sources, and bright star forming regions, in a non-uniform way: close to the Galactic Centre, narrow band filters were used, and the IRAS flux limit criterion to avoid saturation was relaxed. Moreover, given the patchy coverage of the Plane out of the immediate surroundings of the Galactic Centre, small features in the l and b distributions of Figure 13 , such as the slight asymmetry of the b distribution or the small peaks in the l distribution, are not reliable. Some of these features may be caused by the sparse sampling of the ISOGAL survey, for instance, the small peak at l∼15
• may be related to the M16 star forming region, which was deliberately covered by one of the ISOGAL rasters.
Conclusions
In this work we have extended and brought to its conclusion the problem, already approached in Paper II, of identifying YSO candidates from the much larger population of MIR sources (predominantly Post-MS stars) found during the ISOGAL mapping at 7 and 15 µm of selected regions of the Galactic Plane with ISOCAM.
The selection criteria proposed in Paper II, and verified there from the coincidence of ISOGAL selected bright YSOs with thermal radio continuum sources, have now been tested against a much larger sample of radio-IRAS identified YSOs in the Galactic Plane, by cross-correlating ISOGAL sources detected at 7 and 15 µm with the list of UC HII regions from the VLA 5 GHz Galactic Plane survey of BWHZ. A statistical simulation has been implemented to establish the reliability of the radio-ISOGAL cross-correlation as a function of various parameters. The results confirm that ISOGAL sources with an associated radio-loud YSO occupy a well defined region of the ([7]-[15] , [15] ) colour-magnitude diagram and that this region is relatively well separated from that occupied by the much larger population of Post-MS stars. A similar segregation of the radio identified YSOs detected also at Kband occurs in the (K- [7] , [7] ) colour-magnitude diagram. However, the near infrared criteria cannot be used for the entire ISOGAL catalogue since the DENIS observations only cover the fields located at δ ≤ 2
• . Additionally, most of the K-band sources associated with radio sources are probably fake associations (see sect. 5 and Appendix A), and even for reliable associations the interpretation of the near-infrared data is complicated by the effect of extinction. Therefore we retained the near infrared information only as "confidence criteria" for the sources for which there are available data.
With the aim of providing a more reliable list of YSO candidates throughout the Galactic Plane observations of ISOGAL, following the indications of the comparison with the large sample of radio identified YSOs, we have revised the selection criteria adopted in Paper II, which have been restricted to [15]≤4.5 and [7] -[15]≥ 1.8, with the additional confidence criteria of [7]≤6 and K-[7] ≥4. This choice is motivated by the fact that for larger [15] magnitudes, toward the inner regions of the Galactic Plane, the contamination from reddened Post-MS stars becomes too large to obtain a reasonable list of candidates. The application of those criteria to the entire ISOGAL catalogue (only fields observed both at 7 and 15 µm were considered) has produced a list of 715 YSO candidates, which represent ∼2% of the total number of ISOGAL point sources detected at both wavelengths. All the three bright, pointlike YSOs identified in Paper II are reselected using our new criteria (and the revised ISOGAL-PSC). The galactic distribution of the selected sources is strongly peaked on the Galactic Plane, as expected for very young sources, and show a clear peak close to the Galactic Centre. Our results confirm previous suggestions by BWHZ that the IRAS sample of massive YSOs selected using the WC89 criteria is severely limited by confusion in the inner regions of the Galaxy.
Since the separation between YSOs and Post-MS stars in the colour-magnitude plane uses by necessity a sharp function, we expect a contamination of non-YSOs in our list of candidates of at least 20%, as well as we expect that we may have missed some YSOs. Using our selection criteria we recover ∼70% of the radio-identified YSOs. The limitation to bright YSOs ([15]≤4.5) is particularly needed in the ISOGAL fields close to the Galactic Centre, where large line-of-sight extinction is expected, and the contamination from reddened Post-MS stars at high [15] magnitudes is particularly high. This restriction could be released in less extincted regions, such as the l=+45
• fields discussed in Paper II. In high-extinction fields, a lower contamination fraction could be obtained by increasing the [7] - [15] cutoff limit, at the price of a lower YSO selection efficiency. Fig. A.1 . Galactic latitude and longitude distributions for the BWHZ and the random samples. In all panels, the solid histogram shows the distribution for the BWHZ sample, the dotted histogram is the average of all the random samples, the gray area shows, for each bin, the region containing 90% of the random realizations. The top panels show the distributions for the entire samples, the middle panels those of the sources within the ISOGAL fields, and the bottom panels those of the sources with an associated ISOGAL source. The unlabelled panels to the right of the distributions in the middle and bottom rows show the rates of sources within ISOGAL fields corrected for the area covered by the ISOGAL field in each latitude and longitude bin and the association rates respectively. b=0.0
• ,±0.16
• ,±0.32
• correspond to the five centre positions of the BWHZ pointing rasters, where the sensitivity of their observations is higher, while the peak at the Galactic Centre is probably a real feature of the radio sources distribution. For the purpose of the random simulations we decided to ignore these two features, as a proper reproduction of the latitude and longitude distributions would require a proper modelling of the BWHZ sensitivity throughout their observed region (see their Figure 1 ), the modelling of the radio sources luminosity function and their longitude distribution. The complexity and uncertainties of such detailed modelling go far beyond what is needed for our purpose. A possible effect of the neglected features combined with the uneven distribution of the ISOGAL fields is a moderately higher number of radio sources within ISOGAL fields in the real BWHZ sample with respect to the random samples, due to the crowding of ISOGAL fields near the Galactic Centre position (see Figure 1) . The histograms of the galactic distribution of sources within ISOGAL fields and of sources associated with ISOGAL sources show a number of features which are probably related to the peculiar distribution of radio (and random) sources and the uneven sampling of the Plane by ISOGAL observations. To check whether the number of sources within ISOGAL fields and the number of sources associated with ISOGAL sources are a function of galactic position one has to properly correct for the number of radio (and random) sources per coordinate bin and for the area covered by the ISOGAL survey in each particular bin. These corrected "rates" of sources within ISOGAL fields and of sources associated with an ISOGAL source are also shown in Figure A .1 (the histograms have null values in longitude bins not covered by ISOGAL fields). These histograms show that, within the noise and once appropriately corrected, the rates are constant as a function of galactic position. A clear feature is that the rate of BWHZ sources associated with ISOGAL sources is higher than the average rate for the random samples.
In Figure A .2 we present, for the 10000 random samples, the distributions of the number of sources within ISOGAL fields (left), number of sources associated with at least one ISOGAL source (middle), and number of ISOGAL sources which can be associated with each BWHZ (or random) source using an association radius of 15 ′′ (right). The corresponding values for the BWHZ sample are also shown. As expected, due to the effect of the uneven ISOGAL sampling and the small peak at l ∼0
• in the BWHZ sample, the number of BWHZ sources within ISOGAL fields is marginally higher than for the random samples. Quantitatively, the number of BWHZ sources within ISOGAL fields is 134, 7% more than the median and barely within the third quartile of the random realizations. The higher rate of ISOGAL sources associated with BWHZ with respect to the random sources shown in Figure A .1 and noted above is also clearly visible in the second panel of Figure A .2, the association rate with the real sources is almost double than with the random sources. Finally, the third panel of Figure A .2 shows that, within the selected association radius (15 ′′ ), as much as 15% of the radio sources can be associated with more than one ISOGAL source. The fraction of multiple associations in the BWHZ sample is consistent with the random simulations suggesting that multiple associations are not real ones, or that there is no crowding of ISOGAL sources close to the radio positions on the association radius scale.
The distribution of the distances between the radio source and associated ISOGAL source is reported in Figure A. 3. The BWHZ sample is shown as a solid histogram, the average of the random samples as a dotted histogram and, for each bin, the grey region shows the location of 90% of the random realizations. The figure shows, as expected, that the number of random associations increases steadily with the association distance. The BWHZ sample has most of the associations for distances less than 7 arcsec, where, in each bin, it clearly displays an excess of associations with respect to the random samples. For larger distances the association rate of the BWHZ sample is essentially indistinguishable with the expectations from the random samples. To quantify the excess of associations in the BWHZ sample with respect to the random expectations, for each distance bin we defined a reliability figure as the difference between the number of BWHZ sources and the average of the random realizations normalised to the number of BWHZ sources in that bin (the figure is set to zero if the random associations are more than the BWHZ ones). With this definition, for each bin the reliability figure gives the expected fraction of "real" Fig. A.3 . Distribution of the distances between radio source and associated ISOGAL source, solid histogram for the BWHZ sample, dotted histogram for the average of the random samples, the shaded area shows, for each bin, the range covered by 90% of the random realizations (ordinate axis on the left). The stars show the reliability figure for each bin, computed as described in the main text (ordinate axis on the right) (i.e. non-random) associations in the BWHZ sample. The reliability is plotted in Figure A .3 as open stars, and shows that for distances less than approximately 7
′′ the contamination from random associations is always expected to be less than 25%, above 8 ′′ the number of associations in the BWHZ sample is indistinguishable from those of the random realizations. These results are consistent with simple association probability calculations based on the average densities of ISOGAL sources reported in the ancillary tables of the ISOGAL public catalogue (Omont et al. in preparation, Schuller et al. in preparation) .
As discussed in Sect. 4.2, the above conclusions consider only one aspect and may be misleading if taken alone: the chosen association distance should also take into account the physics of the sources. A better test can be performed on the brightnesses and colours of the ISOGAL sources associated with the BWHZ and the random samples. In Figures A.4a Figure A. 3. In this figures we also show, as a dashed line, the histogram of the magnitudes and colours of all the ISOGAL sources within the formal BWHZ survey region, normalised to the total number of sources in the average of the random samples. As expected, the dotted and dashed histograms are nearly identical. In summary, the BWHZ sources are mostly associated with bright and red sources, which are a minority of the ISOGAL sources, while the random samples are mostly associated with the much larger population of faint bluer sources. As a consequence, the reliabil- ity figures show a sharp transition in both plots, suggesting a very high probability of non-random associations for sources brighter than [15]∼5 and redder than [7] −[15]∼1.5 and a comparably low probability for fainter and bluer sources. The same result is shown in a different graphical form in Figure A. 4c, where the average colour-magnitude diagram produced from the sources associated with the random simulations is compared with the position of the sources associated with the BWHZ sample. Most of the ISOGAL sources associated with the BWHZ sample fall in a region of the diagram where one would expect very few random associations, confirming that most of the associations between ISOGAL sources and BWHZ radio sources are not chance coincidences.
In Figure A .5 we show similar figures for the [7] , with most of the ISOGAL sources associated with the BWHZ sources populating the lowprobability region of the plot, the situation is less clear for the K-[7] colour. Most of the sources with a good K magnitude in the catalogue populate the region expected for random associations, and a few sources populate the region of the plot with high reliability of being non-random associations. As discussed in Sect. 4.2, we believe that this is a consequence of the nature of the infrared sources reliably associated with BWHZ sources: these are characterised by very red colours, and in many case are not detectable at K by the DENIS survey. Consequently, most of the ISOGAL sources with a good K magnitude plotted in Figure A .5 are probably fake ISOGAL-BWHZ associa-tions, as confirmed by the high value of the [7] magnitude and the large association distance (see Sect. 4.2) .
Combining all the results of our simulations, we conclude that the ISOGAL sources with the highest probability of being reliably associated with a radio source are those with bright [15] magnitudes and large [7] - [15] colours. The (K- [7] , [7] ) colour-magnitude diagram can be used as an additional indication of a good association if the particular ISOGAL field has been observed by DENIS and if the source is not detected or is very faint at K. To offer a more quantitative estimate for these reliability criteria, in Figures A.4c and A.5c we mark with a dashed line the region of the colour-magnitude diagrams where the product of the reliability figures for both magnitude and colour exceeds 80%. ISOGAL sources associated with BWHZ sources above and to the right of the lines have the highest reliability of being true associations, and should be used to derive the infrared properties of radio sources.
